Background Disturbed circadian rhythm is a potential cause of delirium and is linked to disorganisation of the circadian rhythmicity. Dynamic light (DL) could reset the circadian rhythm by activation of the suprachiasmatic nucleus to prevent delirium. Evidence regarding the effects of light therapy is predominantly focused on psychiatric disorders and circadian rhythm sleep disorders. In this study, we investigated the effect of DL on the total hospital length of stay (LOS) and occurrence of delirium in patients admitted to the Coronary Care Unit (CCU). Methods This was a retrospective cohort study. Patients older than 18 years, who were hospitalized longer than 12 h at the CCU and had a total hospital LOS for at least 24 h, were included. Patients were assigned to a room with DL (n = 369) or regular lighting conditions (n = 379). DL was administered at the CCU by two ceiling-mounted light panels delivering light with a colour temperature between 2700 and 6500 degrees Kelvin. Reported outcome data were: total hospital LOS, delirium incidence, consultation of a geriatrician and the amount of prescripted antipsychotics. Results Between May 2015 and May 2016, data from 748 patients were collected. Baseline characteristics, including risk factors provoking delirium, were equal in both groups. Median total hospital LOS in the DL group was 100.5 (70.8-186.0) and 101.0 (73.0-176.4) h in the control group (P = 0.935). The incidence of delirium in the DL and control group was 5.4% (20/369) and 5.0% (19/379), respectively (P = 0.802). No significant differences between the DL and control group were observed in secondary endpoints. Subgroup analysis based on age and CCU LOS also showed no differences. Conclusion Our study suggests exposure to DL as an early single approach does not result in a reduction of total hospital LOS or reduced incidence of delirium. When delirium was diagnosed, it was associated with poor hospital outcome.
Introduction


Delirium is a serious and common mental disorder in older hospitalised patients characterised by a rapid change in mental status and inattention with a fluctuating course. [1] In older hospitalised subjects, the prevalence of delirium can be as high as 50%, mainly in critically ill patients hospitalised at the intensive care unit. [2] [3] [4] [5] [6] Patients with delirium experience sleep disturbances, prolonged hospitalisations, functional decline, higher antipsychotic drug dosages and high mortality rates up to 14% and 22% at one and six months respectively, and 35%-40% twelve months after hospital admission. [7] [8] [9] [10] [11] [12] The economic burden of delirium is substantial.
The exact pathophysiology of delirium remains poorly understood. Important risk factors for delirium include older patients, vision impairment, cognitive impairment, severe illness, pre-existing use of antipsychotic medication, sleep deprivation and disturbed sleep-wake rhythm. [9, 14] Both delirium and disturbed sleep-wake rhythm are linked to disorganisation of the circadian rhythmicity in the brain. The major circadian pacemaker, consisting of approximately 20,000 neurones in the suprachiasmatic nucleus (SCN), is located in the anterior hypothalamus and receives information from certain environmental factors, called Zeitgebers. [14] [15] [16] [17] Light activates the SCN through the retinohypothalamic tract. [17] [18] [19] [20] [21] The light-dark cycle is the chief Zeitgeber and thus the most important factor for the human circadian rhythm. [22] Since light therapy is able to realign circadian rhythm disturbances, and elderly are less exposed to bright environmental light and photoreception deteriorates with aging, we hypothesised that the administration of light with a higher illuminance in a fluctuating course mimicking day and night [so-called Dynamic Light (DL)] should prevent or lessen the impact of delirium. [20, 23] DL has a much higher light intensity compared to regular hospital rooms, namely 1000-2000 and 250 lux, respectively. Knowledge regarding light therapy is nowadays limited to various psychiatric diseases, circadian rhythm sleep disorders and patients hospitalised at the intensive care unit (ICU). [16, 20, 24] The effect of DL on the incidence of delirium has been studied predominantly in ICU patients, i.e., patients at high risk for delirium. The quality of two of these studies was poor, [4, 5] and in one study most patients were sedated and had their eyes closed during the administration of DL. [6] Patients hospitalised at our Coronary Care Unit (CCU) were not sedated or intubated during the hospital stay.
The aim of the present study was to evaluate the effect of DL on objective outcome measures, i.e., the total duration of hospital stay, the incidence of delirium and the reduction of prescription of antipsychotic drugs and other tranquilizers, among patients hospitalised at the CCU. Patients admitted to the CCU are generally less ill compared to ICU patients. However, they suffer from complex cardiac diseases with comorbidities potentially provoking delirium. A delirium incidence of 31.7% has been described in patients with acute decompensated heart failure hospitalised at the CCU. [25] To our knowledge, this is the first study evaluating the effect of DL on objective outcome measures in a large cardiac cohort.
Methods
The current study was performed in accordance with the ethical principles of the Helsinki Declaration and Good Clinical Practice. [26] All patients were informed by written briefing. There were no patients who were not willing to take part in the present study. The study was approved by the Local Ethics Committee of the Viecuri Medical Centre.
Study design and patient selection
This was an observational cohort study among Dutch hospitalised patients at the CCU and cardiology ward. From May 2015 to May 2016, data from all eligible patients aged 18 years and older admitted to the CCU were collected. The minority of the patients transferred to a ward other than the cardiology ward were also included in the present study.
Since there is no evidence about the relation between the duration of DL administration and the effects on hospital outcomes, we included patients with a length of stay at the CCU (CCU LOS) for at least 12 h. Patients were excluded if the total length of hospital stay (hospital LOS) was less than 24 h.
According to standard hospital procedures, patients were assigned to a room equipped with regular lighting conditions (fluorescent light tubes) or a room with DL. Altogether, fourteen rooms were available. Seven rooms were equipped with DL and seven rooms with regular lightning condition. Seven rooms had windows facing the north and seven facing the south. Since the rooms alternated each other with DL and conventional fluorescent light, the influence of daylight on the study results was minimalized. Other room characteristics, e.g., interior, space and equipment, were similar in all rooms.
Since there is a clear association between delirium and age and the effects of DL were expected to be greater when duration of DL administration increased, subgroup analyses were performed. These predefined subgroups included patients with: (1) CCU LOS 12-24 hours and age 18-70 years, (2) CCU LOS 12-24 h and age ≥ 70 years, (3) CCU LOS ≥ 24 h and age 18-70 years, and (4) CCU LOS ≥ 24 h and age ≥ 70 years.
DL system
In 2016, seven DL rooms were created in Viecuri Medical Centre and were equipped with an artificial daylight system consisting of a ceiling-mounted LED panel per room providing general lighting with a correlated colour temperature ranging from 2700 K to 6500 K. Due to practical and financial issues not all rooms at the CCU could be provided with the DL system. The vertical illuminance at eye level was measured by a photometer and reached peak values of 750 lux. The nurses were instructed to switch on the light during daytime as long as possible. Patients in the control group were exposed to standard lighting conditions.
Data collection
Demographic characteristics including patient's age, sex, indication of hospitalisation, various aspects of medical history and risk factors for delirium were obtained. Furthermore, data regarding the duration of hospital stay, consultation of geriatrician, the development of delirium and the amount of prescripted drugs treating delirium were collected.
To diagnose delirium, an in-hospital policy was used ( Figure 1 ). Obtained data according to standard hospital procedure were: a pre-screening tool (Table S1 ), the Dutch version of the Delirium Observation Screening Scale (DOSS) (Table S2 ) and the Confusion Assessment Method (CAM) ( Tables S3 and S4 ). Delirium subtypes (hyperactive, hypoactive, and mixed delirium subtypes) were determined by the geriatrician based on patient's mental state and behaviour.
Statistical analysis
For our power analysis, we calculated the mean total hospital LOS of patients aged ≥ 18 years and older admitted to the CCU from May 1 2014 to May 1 2015. This was 144.7 ± 131.5 h. Power analysis using this value showed a target sample size of 990 patients with a power of 80% and a two-tailed type I error of 5% to detect a reduction of 24 h in total hospital LOS.
For demographic and clinical variables, descriptive statistics for both the DL as the conventional light group were calculated. Mean ± SD or medians with interquartile range (IQR) were presented.
Depending on skewness of data, the Pearson's chi-square, Fisher's exact test, Student's t-test and Mann-Witney test were used. Odds ratios (OR) were calculated to assess the strength of association of different risk factors for delirium.
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS version 22).
Results
Between May 1 2015 and May 10 2016, a total of 5434 subjects aged 18 years and older were admitted to the hospital via the CCU. Of them, 748 were hospitalised at the CCU for at least 12 h and had a total hospital LOS for at least 24 h. None were excluded. 369 and 379 subjects were allocated to the DL and control rooms respectively. Of all included patients, 460 (61.5%) were male and mean age was 68.9 ± 13.5 years. Reasons for hospitalisation were acute coronary syndrome (n = 441; 59.0%), congestive heart failure (n = 110; 14.7%), rhythm disorders (n = 86; 11.5%), non-specific chest pain (n = 42; 5.6%) or other (n = 69; 9.2%). Risk factors for delirium, such as dementia, previous cognitive disturbances, comorbidities, substance abuse and nutritional status were examined. In general, there were no statistical differences for demographic variables and risk factors for delirium between both groups could be found, as stated in Table 1 .
We calculated the CCU LOS by subtracting the date and time of admission from the date and time of transfer to the cardiology ward. This gave an impression of the exposure time to DL. The median CCU LOS was 26.4 (20.0-42.7) h. Median total hospital LOS varied widely with a median duration of 100.5 (70.8-186.0) in the DL group and 101.0 (73.0-176.4) in the control group (P = 0.935, Table 2 ). Furthermore, the incidence of delirium (5.4% in the DL group vs. 5.0% in the control group) and in-hospital mortality (3.5% in the DL group vs. 3.4% in the control group) did not differ between both groups. In the DL group, more patients were treated with haloperidol compared to the control group (21 vs. 14). However, there was no difference between the total number of patients that received pharmaceutical treatment for delirium (26 vs. 26) . The incidence of QTc prolongation was similar in both groups.
Outcome measures were also calculated for different subgroups (Table 3 ). These subgroups included: (1) CCU LOS 12-24 h aged 18-70 years (n = 152), (2) CCU LOS ≥ 24 h aged 18-70 years (n = 218), (3) CCU LOS 12-24 hours aged ≥ 70 years (n = 134), and (4) CCU LOS ≥ 24 hours aged ≥ 70 years (n = 244). Although the hospital LOS in the last subgroup seemed shorter in the DL group (133.9
vs. 163.2 h), this difference was not statistically significant.
When delirium occurred, it was associated with poor hospital outcomes and increased mortality (Table 4) . Of all included patients, 39 were diagnosed with delirium. They were significantly older (P  0.001) and delirium occurred more often in patients with a history of dementia (OR = 3.2, 95% CI: 10.2-71.4), cerebrovascular accident or transient ischaemic event (OR = 3.2, 95% CI: 1.6-6.3), cognitive disturbances (OR = 15.0, 95% CI: 7.5-29.9), diabetes mellitus (OR = 3.3, 95% CI: 1.7-6.4) and kidney disease (OR = 6.0, 95% CI: 3.0-11.8). In only 11 (28.2%) patients, the CAM was taken and in one patient the geriatrician was not consulted. In addition, their median CCU and hospital LOS was significantly longer (P = 0.027 and P < 0.001, respectively), they more often received pharmaceutical treatment for delirium (P < 0.0001) and in-hospital mortality was higher (OR = 6.3, 95% CI: 2.4-16.6). 
Discussion
In this study, we were not able to find significant shortening of hospitalisation and reduction of delirium incidence when patients at the CCU were exposed to DL.
To our knowledge, this is the first study that gives insight into the effect of DL on the length of hospitalisation, the incidence of delirium and the prescription of antipsychotic medication and tranquilizers in a large cardiac cohort. Our hospital offered a unique setting at the CCU where all rooms were fully identical apart from the type of illumination. Currently, there is a lack of evidence concerning the effect of Dynamic Light on hospital outcomes, occurrence of delirium and other secondary objective endpoints. Knowledge regarding the effects of light therapy on clinical outcomes remains mostly limited to psychiatric diseases, circadian rhythm disorders and ICU patients. The lack of significant results on hospitalisation duration could be partly explained due to the low occurrence rate of delirium and the relatively short exposure time to DL. Also, measured lux levels were lower than expected.
Interestingly, a reduction of total hospital LOS was seen favourable for the DL group in elderly patients who were prolonged exposed to DL, but was not statistically significant in subgroup analysis possibly due to too small subgroup sample sizes. An unexpected finding was that haloperidol was prescribed more often in the DL group. However, the total number of pharmaceutically treated patients did not statistically differ between both groups. In other secondary endpoints no differences were demonstrated.
We demonstrated the high impact of delirium on hospital outcomes even in a cohort with a small incidence of delirium. Apart from the association between delirium and poor hospital outcomes, delirium also leads to an increased morbidity and mortality, institutionalisation and functional decline contributing to greater health care costs. Although we were not able to present positive effects of DL as a single therapy, other strategies to prevent delirium should be investigated, such as multi-strategy approaches combining noise reduction, light administration, the improvement of sleep and orientation. Probably light therapy is more effective in patients who already have a disrupted circadian rhythm, rather than to use it as a preventive therapy. However, this speculative since it is unclear if there is a direct relation between disturbed circadian rhythm and delirium.
Previous research regarding light therapy administration to hospitalised patients mainly focussed on subjective outcome measures, i.e., sleep parameters, depression scales and functional outcomes or was focused on the treatment of delirium rather than the prevention. [9, 10, 27, 28] These studies showed small improvements in sleep, functional outcomes and depression scores through bright light therapy in delirious hospitalised elderly. In previous unpublished in-hospital research, the effect of DL on mood and sleep quality in 45 patients was evaluated. Full data of 39 subjects (mean age 68.7 years old, male to female ratio 3: 1) was available. Sleep quality measured by the Richards-Campbell Sleep Questionnaire and mood disorder measured by the Hospital Anxiety and Depression Scale (HADS) were not statistically different between both the DL and control group.
The efficacy of light therapy on the incidence of delirium was evaluated by Taguchi, et al. [4] and Ono, et al. [5] in small sample sized intensive care unit patients (11 and 22 included patients, respectively). The incidence of delirium was reduced, but was not statistically significant (RR = 0.29, 95% CI: 0.07-1.25).
Recent research found no effect of DL on the incidence of delirium in 734 critically ill adult patients. [6] In the DL group delirium occurred in 137 (38%) of 361 patients and 123 (33%) of 373 in the conventional light group (OR = 1.24, 95% CI: 0.92-1.68). However, the majority of the included patients were sedated and had their eyes closed during a substantial duration of exposure to DL. Since the activation of the suprachiasmatic nucleus (SCN) is triggered through retinal ganglion cells, [20] patients' eyes should be open to fully benefit from DL. In addition, the use of sedatives and anaesthesia can lead to circadian rhythm disturbances and is associated with delirium. [29, 30] In the current study, no patients were sedated and intubated during their total duration of hospitalisation. Still, we found no statistical beneficial effects of the solitary use of DL.
It should be noted that there are more factors influencing the risk of developing a delirium besides improving the sleep-wake cycle, such as efforts to minimize immobility, poor nutrition or dehydration, urinary retention, constipation, suboptimal pain management and alcohol withdrawel. Also, orientation should be improved by encouraging the use of glasses, hearing aids and other assistive devices.
Several limitations should be discussed. First, this was an observational cohort study. However, our patients were assigned to a room, irrespectively of health status and lighting condition. Blinding of the DL group was due to practical issues not possible.
Secondly, the exposure time to DL was short and could only be derived from the total duration of hospitalisation at the CCU. The amount of exposure to DL was not measured, which is a shortcoming of our study. The presented CCU LOS overestimates the total exposure time to DL, since patients were also admitted in the late evening and night when DL was switched off.
Third, the study did not include the intended amount of 990 patients during the proposed one-year duration of this study. Since only small and clinically not relevant differences between both groups were found after analysis, we decided not to prolong the study.
Fourth, observer bias could not be excluded since only one researcher included the patients and analysed the study results. However, we tried to be as objective as possible since most outcome measures were objectively measurable.
Lastly, delirium was verified by the CAM in only 11 of the 39 patients suffering from delirium and thus the CAM was hardly used in confirming delirium. Mostly, the geriatrician diagnosed delirium based on clinical features.
In conclusion, the administration of DL as a single strategy approach did not result in reduced total hospital LOS, a lower incidence of delirium or less prescribed antipsychotic medication and tranquilizers. A non-significant reduction of almost 30 h in elderly patients who were prolonged exposed to DL was found. The significant impact of delirium justifies further research to multi-strategy approaches to prevent delirium and prolonged hospitalisation of the increasing admittance of fragile elderly to the hospital, such as improving sleep-wake rhythm, immobility, orientation in time and place, treatment of poor nutrition or dehydration, and noise reduction. Table S1 . Pre-screening tool of delirium.
The pre-screening tool of delirium is an instrument to assess the risk of developing delirium. At admission all patients 70 years and older were asked three questions routinely by bedside nurses. These questions included:
 Are you suffering from memory loss?
 Did you need help with personal care over the past 24 h?
 Were you confused during previous hospitalisations or during a previous period of illness?
Each positive answer was scored with 1 point, resulting in a delirium score from 0 to 3 (higher score indicates higher risk of developing delirium). In case of a delirium score ≥ 1 the DOSS was completed three times a day for three consecutive days.
DOSS: delirium observation screening scale. 
